
http://e-cnr.org 97

Clin Nutr Res 2015;4:97-103
http://dx.doi.org/10.7762/cnr.2015.4.2.97
pISSN 2287-3732 ∙ eISSN 2287-3740

Original Article

This is an Open Access article distributed under the terms of the Creative Commons 
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/) 
which permits unrestricted non-commercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited.

© 2015 The Korean Society of Clinical Nutrition 

*Corresponding author Oh Yoen Kim
Address Department of Food Science and Nutrition, Dong-A Univer-
sity, 840 Hadan-dong, Saha-gu, Busan 604-714, Korea
Tel +82-51-200-7326  Fax +82-51-200-7535
E-mail oykim@dau.ac.kr

Received April 5, 2015
Revised April 9, 2015
Accepted April 10, 2015

Introduction
Diabetes mellitus (DM) is not only an important and depen-

dent risk factor, but also a predictor of adverse outcomes for 
cardio-cerebrovascular diseases (i.e. coronary heart disease, 
stroke, heart failure, and peripheral artery disease) [1-3]. Gly-
cemic measures, such as fasting glucose, 2-hour glucose, and 
glycated hemoglobin (HgbA1C) have been recommended for the 
diagnosis of diabetes and glycemic control [4,5]. Classically, 
fasting glucose is considered the standard measure used for 
the diagnosis of diabetes, and HgbA1C is recommended for the 
determination of long-term glycemic control in patients with 
DM [4,5]. In diabetic patients, increased values of HgbA1C were 
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0.012), and HDL-cholesterol (r = -0.202, p = 0.049) with HgbA1C were still retained, but those with fasting glucose disappeared. 
In addition, the adjusted relationships of LDL-cholesterol and total cholesterol with HgbA1C were much greater than those with 
fasting glucose. These results suggest that glycated hemoglobin may be a better predictor than fasting glucose for cardiometa-
bolic risk in non-diabetic Korean women.
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associated with a marked excess in cardiovascular disease 
(CVD) risk independent of classical CVD risk factors [6,7]. How-
ever, increased levels of HgbA1C and fasting glucose were asso-
ciated with coronary artery calcification in general population 
without DM or cardio-cerebrovascular diseases [8]. 

Recently, evidences from epidemiological and clinical studies 
have reported that as compared to fasting blood glucose, Hg-
bA1C was more strongly associated with the risk of atheroscle-
rosis and CVD [9,10]. According to the earlier cross-sectional 
investigation within the Framingham Heart Study, normogly-
cemic HgbA1C (< 6.5%) may serve as a useful CVD risk marker 
in non-diabetic individuals [11]. Subsequent prospective stud-
ies also reported the associations of high-normal HgbA1C val-
ues with the increased risk of incident cardio-cerebrovascular 
diseases [3,9,10,12,13], indicating an independent relationship 
of HgbA1C with CVD risk in non-diabetic individuals [3,8,12,13]. 
In a study of 307 non-diabetic, stroke Korean male adults, the 
highest quartile of HgbA1C in normal range was significantly 
associated with the  increased risk for ischemic stroke as com-
pared to the lowest HgbA1C (≤ 5.3%) [3]. 

However, there were few studies comparing HgbA1C and 
fasting glucose as a marker reflecting cardiometabolic risk in 
non-diabetic Korean women. Therefore, this study aimed to 
investigate if HgbA1C as compared to fasting blood glucose 
is a better marker for reflecting cardiometabolic risk in non-
diabetic Korean women.

Materials and Methods
Study participant and design

Study participant (women) were recruited from the Health 
Promotion Center at Dong-A University Hospital between 
Januarys 2014 and March 2014. They do not have any his-
tory of diseases. Exclusion criteria were following: 1) patients 
diagnosed for diabetic mellitus and stroke; 2) any diagnosis 
of vascular disease, cancer (clinically or by anamnesis), renal 
disease, liver disease, thyroid disease, and acute or chronic in-
flammatory disease. Totally ninety-one subjects (n = 91) were 
recruited and agreed to the participation consent form. The 
written informed consent proved before participation was ap-
proved by the Institutional Review Board of Dong-a University. 

Anthropometric parameters, blood pressure and blood 
collection

Body mass index (BMI, kg/m2) was calculated using body 
height and weight. Blood pressure was measured in the arm 

of seated patients with an automatic blood pressure moni-
tor (HEM-7220, OMRON, Matsusaka, Japan) after a rest. After 
overnight fasting, venous blood samples were collected in eth-
ylenediaminetetraacetic acid (EDTA) - treated and plain tubes, 
separated into plasma and serum, and then stored at -80°C 
until analysis.

Serum lipid profile
Fasting total cholesterol and triglyceride levels were mea-

sured using commercially available kits on a Hitachi 7150 
Autoanalyzer (Hitachi Ltd., Tokyo, Japan). After precipitation 
of serum chylomicrons with dextran sulfate magnesium, the 
concentrations of low-density lipoprotein (LDL) and high-
density lipoprotein (HDL) cholesterol in the supernatants were 
enzymatically measured. 

Fasting glucose, HgbA1C and liver function
Fasting glucose levels were measured using a glucose oxi-

dase method with a Beckman Glucose Analyzer (Beckman 
Instruments, Irvine, CA, USA). HgbA1C was measured using 
Variant II Turbo HgbA1C kit-2.0 (Bio-Rad, Hercules, CA, USA) 
on Variant analyzer (Variant II TURBO, Bio-Rad, Hercules, CA, 
USA). Serum aspartate aminotransferase (AST), alanine ami-
notransferase (ALT) were measured by a Modified IFCC UV 
method.

Data analysis
Statistical analyses were performed using SPSS version 

21.0 for Windows (SPSS Inc., Chicago, IL, USA). Spearman and 
partial correlation analyses were performed for the relation-
ships of fasting glucose or HgbA1C with basic and biochemical 
parameters. Skewed variables were log transformed for statis-
tical analysis. For descriptive purposes, mean values were pre-
sented using untransformed values. Results were expressed as 
means ± SE or percentages. A two-tailed p value < 0.05 was 
considered statistically significant.

Results
General characteristics and biochemical parameters of 
study subjects

Table 1 shows general characteristics and baseline param-
eters such as age, BMI, waist circumference, blood pressures, 
liver functions, fasting glucose, HgbA1C and lipid profiles of 
entire study subjects. Mean value of fasting glucose and Hg-
bA1C were in the normal ranges (89.1 ± 1.19 and 5.26 ± 0.04, 
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respectively). 

Relationships of fasting glucose or HgbA1C with blood 
pressure and liver function markers 

Both fasting glucose and HgbA1C were positively correlated 
with age (r = 0.202, p = 0.008; r = 0.221, p = 0.035, respec-
tively), waist circumference (r0 = 0.296, p = 0.005; r0 = 0.304, 
p = 0.004, respectively). As shown in Figure 1, diastolic blood 
pressure (DBP) was positively correlated with fasting glucose 
(r0 = 0.206, p = 0.050) and HgbA1C (r0 = 0.225, p = 0.032). AST 
and ALT, the liver function markers, were also positively cor-
related with fasting glucose (r0 = 0.237, p = 0.024; r0 = 0.296, 
p = 0.004, respectively) and HgbA1C (r0 = 0.368, p < 0.0001; r0 
= 0.356, p = 0.001, respectively). When adjusted for age and 
BMI, significant relationships of DBP (r1 = 0.190, p = 0.049), 
AST (r1 = 0.262, p = 0.0018), ALT (r1 = 0.277, p = 0.012) with 
HgbA1C were still retained, but those with fasting glucose dis-
appeared.

Relationships of fasting glucose or HgbA1C with fasting 
lipid profiles 

Figure 2 presents relationship between lipid profiles and 
fasting glucose or HgbA1C. Both fasting glucose and HgbA1C 
were positively correlated with triglyceride (r0 = 0.372, p < 

0.001; r0 = 0.208, p = 0.008, respectively), LDL-cholesterol (r0 
= 0.315, p = 0.002; r0 = 0.373, p < 0.0001, respectively) and 
total cholesterol (r0 = 0.310, p = 0.003; r0 = 0.284, p = 0.006, 
respectively), and negatively correlated with HDL-cholesterol 
(r0 = -0.287, p = 0.006; r0 = -0.261, p = 0.012, respectively). 
Further adjustment for age and BMI still maintained the sig-
nificant positive correlation of fasting glucose or HgbA1C with 
total cholesterol (r1 = 0.232, p = 0.038; r1 = 0.265, p = 0.017, 
respectively) and LDL-cholesterol (r1 = 0.247, p = 0.026; r1 = 
0.400, p < 0.0001, respectively), but not with triglyceride (r1 = 
0.117, p = 0.115; r1 = 0.181, p = 0.115, respectively). In addition, 
the negative relationship between HDL-cholesterol with HgbA1C 
(r1 = -0.202, p = 0.029) were still maintained but those with 
fasting glucose disappeared (Figure 2).

Discussion 
The aim of this study was to investigate if HgbA1C as com-

pared to fasting blood glucose is better for reflecting cardio-
metabolic risk in non-diabetic Korean women. Study result 
shows that both fasting glucose and HgbA1C were negatively 
correlated with HDL-cholesterol and positively correlated with 
DBP, AST, ALT, triglyceride, LDL-cholesterol and total choles-
terol. When adjusted for age and BMI, significant relationships 

Table 1. General characteristics and biochemical parameters of study women
Study women

(n = 91)
Normal range

(recommended)

Age, year  46.6 ± 1.03 -

BMI, kg/m²  22.9 ± 0.35 18.5 - 22.9

Waist, cm  74.1 ± 0.84  < 85

Systolic BP, mmHg  112.7 ± 1.18 91 - 119

Diastolic BP, mmHg  74.1 ± 0.70 61 - 79

Glucose, mg/dL  89.1 ± 1.19 70 – 99

HgbA1C, %  5.26 ± 0.04 4.0 - 5.7

AST, U/L  26.0 ± 0.92  < 40

ALT, U/L  22.5 ± 1.50  < 40

Triglyceride, mg/dL  84.6 ± 6.20  < 150

HDL-cholesterol, mg/dL  66.3 ± 1.59  > 50

LDL-cholesterol, mg/dL  121.2 ± 3.29  < 130

Total cholesterol, mg/dL  193.6 ± 3.45  < 200

Values are presented as means ± SE.
BMI: body mass index, BP: blood pressure, AST: aspartate aminotransferase, ALT: alanine aminotransferase, HDL: high-density lipoprotein, LDL: low-density lipo-
protein.
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of DBP, AST, ALT, and HDL-cholesterol with HgbA1C were still 
maintained, but those with fasting glucose disappeared. In 
addition, the adjusted relationships of LDL-cholesterol and 
total cholesterol with HgbA1C were much greater than those 
with fasting glucose. These results may suggest that HgbA1C as 
compared to fasting glucose is more sensitive for reflecting 
cardiometabolic risk in non-diabetic Korean women, thereby 
being a more predictable parameter for cardiometabolic risk in 
non-diabetic condition.

Many of epidemiological and clinical studies have reported 
increased lipid abnormalities in uncontrolled diabetic individu-
als, which contribute to higher rates of CVD [9,10]. Therefore, 
lipid management aimed at lowering LDL cholesterol and 
triglycerides, and raising HDL cholesterol has been applied to 
reduce CVD risk and mortality in type 2 diabetes [14]. As re-
ported, insulin is a potent anti-lipolytic hormone and restrains 
lypolysis (release of free fatty acids, FFA) from the adipocytes 
by inhibiting the enzyme lipase. Fat cells in patients with 
type 2 DM or with metabolic syndrome (MetS, i.e. impaired 

glucose status, dyslipidemia, higher blood pressure, obesity) 
are resistant to the inhibitory effect of insulin on lipolysis 
[15]. This leads to a release of large amounts of FFA into the 
blood, thereby the increased FFAs producing lipid abnormali-
ties mainly such as increased triglycerides and decreased 
HDL which causes atherogenic dyslipidemia [16]. In our study, 
both fasting glucose and HgbA1C were negatively correlated 
with HDL-cholesterol and positively correlated with triglycer-
ide, LDL-cholesterol and total cholesterol. When adjusted for 
age and BMI, the significant relationships of LDL-cholesterol 
and total cholesterol with fasting glucose or HgbA1C were still 
retained, but the relationship between HDL-cholesterol and 
fasting glucose disappeared. This may indicate that HgbA1C as 
compared to fasting glucose is more sensitive to reflect car-
diometabolic risk in non-diabetic Korean women.

In our study, DBP was positively associated with HgbA1C and 
the relationship was still maintained after adjusted for age and 
BMI. It may be partly explained by the report that dyslipid-
emia and hyerpinsulinemia in DM are associated with vascular 

7

6

5

4

3

2
4.0       4.2       4.4       4.6       4.8       5.04.0       4.2       4.4       4.6       4.8       5.0

7

6

5

4

3

2
4                 5                 6                    74                 5                 6                    7

350

300

250

200

150

100

50

0
4.0       4.2       4.4       4.6       4.8       5.04.0       4.2       4.4       4.6       4.8       5.0

350

300

250

200

150

100

50

0
4                 5                 6                    74                 5                 6                    7

120

90

60

30

0
4                 5                 6                    74                 5                 6                    7

Tr
ig

ly
ce

rid
e 

(m
g/

dL
)ø

To
ta

l c
ho

le
st

er
ol

 (m
g/

dL
)

LD
L-

ch
ol

es
te

ro
l (

m
g/

dL
)

HD
L-

ch
ol

es
te

ro
l (

m
g/

dL
)250

200

150

100

50

0
4.0       4.2       4.4       4.6       4.8       5.04.0       4.2       4.4       4.6       4.8       5.0

Glucose (mg/dL)ø

250

200

150

100

50

0
4                 5                 6                    74                 5                 6                    7

HgbAIC (%) HgbAIC (%)

120

90

60

30

0
4.0       4.2       4.4       4.6       4.8       5.04.0       4.2       4.4       4.6       4.8       5.0

Glucose (mg/dL)ø

Glucose (mg/dL)ø

r0 = 0.372, p < 0.0001
r1 = 0.177, p = 0.115

r0 = 0.208, p = 0.008
r1 = 0.181, p = 0.106

r0 = 0.310, p = 0.003
r1 = 0.232, p = 0.038

r0 = 0.284, p = 0.006
r1 = 0.265, p = 0.017

r0 = 0.315, p = 0.002
r1 = 0.247, p = 0.026

r0 = 0.373, p < 0.0001
r1 = 0.400, p  < 0.0001

r0 = -0.287, p = 0.006
r1 = -0.144, p = 0.200

r0 = -0.261, p = 0.012
r1 = -0.202, p = 0.049

HgbAIC (%) HgbAIC (%)Glucose (mg/dL)ø

Figure 2. Relationships of serum fasting lipid profiles with fasting glucose or glycated hemoglobin (HgbA1C) tested by Pearson and 
partial correlation analysis, ø: log-transformed r0: correlation coefficient (unadjusted), r1: correlation coefficient (adjusted for 
age and body mass index); (A) presents corrleation between triglyceride and fasting glucose or HgbA1C, (B) presents corrleation 
between total cholesterol and fasting glucose or HgbA1C, (C) presents corrleation between LDL-cholesterol and fasting glucose or 
HgbA1C, and (D) presents corrleation between HDL-cholesterol and fasting glucose or HgbA1C.

A

C

B

D



Yoon SR et al.

http://e-cnr.org102 http://dx.doi.org/10.7762/cnr.2015.4.2.97

dysfunction (i.e. increased vascular smooth muscle cell pro-
liferation, arterial stiffness and vascular tone, and decreased 
vasodilation) and sodium retention which cause hypertension 
[17]. 

In addition, our study shows that AST and ALT the liver 
function markers were significantly associated with fasting 
glucose and HgbA1C levels. Particularly, the relationships with 
HgbA1C were still retained after adjusted for age and BMI. Our 
result is partly in accordance with the report by Fraser et al. [18] 
and Kim et al. [19]: when ALT and gamma-glutamyltransferase 
(GGT) levels were subdivided into tertiles, the levels of fasting 
insulin, fasting glucose and HgbA1C were higher in the highest 
terile of ATL and GGT levels in both non-diabetic and diabetic, 
although the associations of ALT and GGT with fasting glu-
cose and HgbA1C were stronger in women with DM compared 
to those without DM [18]. Kim et al. also reported that the 
significant association between serum levels of GGT and the 
presence of the MetS even after adjusted for the presence of 
fatty liver, suggests that another mechanism governs the rela-
tionship between serum GGT and MetS [19].

This study has limitations. First, it did not allow for the se-
quential assessment of a direct association between fasting 
glucose or HgbA1C and cardiometabolic risk in non-diabetic 
individuals, because the exposure and outcome data were col-
lected at a single time point. Second, only age and BMI (one 
of representative parameters for degree of obesity) were used 
as the adjustment parameters in partial correlation analysis. 
If other confounding factors (i.e. body fat percentage or dis-
tribution etc.) were additionally measured and adjusted, the 
conclusion would be more strongly supported. 

Conclusion
This study suggests that glycated hemoglobin may be a 

better predictor than fasting glucose for cardiometabolic risk 
in non-diabetic Korean women.
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